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ÑÏÎÑ²Á ÂÈÏÐÎÁÎÂÓÂÀÍÍß ÎÁ’ªÊÒ²Â ÍÀ Â²ÁÐÎÌ²ÖÍ²ÑÒÜ 
 
².Ä. Ïóçüêî1 
 
Ó ðîáîò³ îòðèìàí³ àíàë³òè÷í³ ñï³ââ³äíîøåííÿ äëÿ âèçíà÷åííÿ øâèäêîñò³ 
ðîçãîðòêè ÷àñòîòè ñèãíàëó çáóäæóâàëüíî¿ â³áðîñòåíä ä³¿ ïðè óðàõóâàíí³ 
ä³àïàçîíó ÷àñòîò àìïë³òóäíî-÷àñòîòíî¿ õàðàêòåðèñòèêè â³áðîñòåíäà, 
ðåçîíàíñíî¿ ÷àñòîòè, äîáðîòíîñò³ âèïðîáîâóâàíîãî îá’ºêòà, à òàêîæ ïðè 
óðàõóâàíí³ óìîâè íåë³í³éíîñò³ çì³ùåííÿ ïî ÷àñòîò³ ìàêñèìóìó îáâ³äíî¿ 
íàï³âðîçìàõ³â êîëèâàíü äèíàì³÷íîãî ðåçîíàíñíîãî ï³êó â³äíîñíî ÷àñòîòè 
ìàêñèìóìó ñòàòè÷íîãî â³ä øâèäêîñò³ ðîçãîðòêè ÷àñòîòè ñèãíàëó çáóäæåííÿ 
â³áðîñòåíäà. 
 
ÂÑÒÓÏ ² ÀÍÀË²Ç Â²ÄÎÌÈÕ ÄÎÑË²ÄÆÅÍÜ 
Îäíèì ç åôåêòèâíèõ ìåòîä³â, ùî çàñòîñîâóºòüñÿ ïðè ïðîâåäåíí³ 
â³áðîâèïðîáîâóâàíü íà â³áðîì³öí³ñòü, â³áðîíàä³éí³ñòü ³ â³áðîòðèâê³ñòü, º 
ìåòîä ñêàíóâàííÿ ÷àñòîòè ñèãíàëó çáóäæóâàëüíî¿ â³áðîñòåíä ä³¿ [1,2,3]. 
Òàêèé ìåòîä äîçâîëÿº çìåíøèòè ÷àñîâèé ³íòåðâàë ôîðìóâàííÿ 
çàäàíîãî ïî ïðîãðàì³ ÷èñëà öèêë³â â³áðîâèïðîáîâóâàíü îá`ºêò³â, òîáòî 
çìåíøèòè ÷àñîâèé ³íòåðâàë âèðîá³òêó ðåñóðñó âèïðîáóâàíîãî îá’ºêòà çà 
ðàõóíîê ðåàë³çàö³¿ ðåæèì³â íåóñòàëåíèõ êîëèâàíü ïðè ñêàíóâàíí³ 
÷àñòîòè ñèãíàëó çáóäæåííÿ â çîíàõ ðåçîíàíñíèõ ï³ê³â àìïë³òóäíî-
÷àñòîòíèõ õàðàêòåðèñòèê âèïðîáîâóâàíèõ îá’ºêò³â. 
Â³äîìèé ñïîñ³á â³áðîâèïðîáîâóâàíü, ÿêèé çàñíîâàíèé íà ìåòîä³ 
ðîçãîðòêè ÷àñòîòè ñèãíàëó çáóäæóâàëüíî¿ ä³¿, ùî çàáåçïå÷óº ò³ëüêè 
îö³íêó ÷àñîâîãî ³íòåðâàëó ôîðìóâàííÿ çàäàíîãî çà ïðîãðàìîþ ÷èñëà 
öèêë³â íàâàíòàæåííÿ âèïðîáîâóâàíîãî îá’ºêòà ïðè çàäàí³é ïîñò³éí³é 
øâèäêîñò³ ðîçãîðòêè ÷àñòîòè ïî ë³í³éíîìó çàêîíó [4]. 
Òàêèé ñïîñ³á ³ ïðèñòð³é äëÿ éîãî çä³éñíåííÿ íå çàáåçïå÷óþòü 
âèçíà÷åííÿ øâèäêîñò³ ðîçãîðòêè ÷àñòîòè ñèãíàëà çáóäæóâàëüíî³ ä³¿ 
çàëåæíî â³ä ìàêñèìàëüíî äîïóñòèìîãî çà òåõí³÷íèìè õàðàêòåðèñòèêàìè 
ð³âíÿ â³áðîïåðåì³ùåííÿ (â³áðîïðèñêîðåííÿ) äëÿ êîíêðåòíîãî òèïó 
â³áðîñòåíäà, ùî ïðèçâîäèòü äî îáìåæåííÿ òåõíîëîã³÷íèõ ìîæëèâîñòåé ³ 
çìåíøåííÿ ÊÊÄ. 
Â³äîìèé òàêîæ ³íøèé ñïîñ³á âèïðîáîâóâàííÿ âèðîá³â íà 
â³áðîì³öí³ñòü[5]. 
Òàêèé ñïîñ³á çàáåçïå÷óº ìîæëèâ³ñòü âèçíà÷åííÿ ïîñò³éíî¿ øâèäêîñò³ 
ðîçãîðòêè ÷àñòîò ñèãíàëà çáóäæóâàëüíî¿ ä³¿ ïðè óðàõóâàíí³ ìàêñèìàëüíî 
äîïóñòèìîãî çà òåõí³÷íèìè õàðàêòåðèñòèêàìè ð³âíÿ â³áðîïåðåì³ùåííÿ 
(â³áðîïðèñêîðåííÿ) äëÿ âèêîðèñòîâóâàíîãî òèïó â³áðîñòåíäà, 
ìàêñèìàëüíî ìîæëèâ³é âåëè÷èí³ øâèäêîñò³ ðîçãîðòêè ÷àñòîòè ñèãíàëó 
çáóäæóâàëüíî¿ ä³¿ ³ çàäàíîãî çà ïðîãðàìîþ ð³âíÿ â³áðîïåðåì³ùåííÿ 
(â³áðîïðèñêîðåííÿ)  âèïðîáîâóâàíîãî îá’ºêòà. 
Àëå òàêèé ñïîñ³á âèïðîáîâóâàííÿ âèðîá³â íà â³áðîì³öí³ñòü ³ ïðèñòð³é 
äëÿ éîãî çä³éñíåííÿ íå çàáåçïå÷óþòü ìîæëèâ³ñòü óðàõóâàííÿ âåðõíüî¿ 
÷àñòîòè ä³àïàçîíó ÷àñòîò, ùî â³äïîâ³äàº àìïë³òóäíî-÷àñòîòí³é 
õàðàêòåðèñòèö³ â³áðîñòåíäà. Òàêèé íåäîë³ê íå äîçâîëÿº åôåêòèâíî 
çàñòîñîâóâàòè òåõíîëîã³÷í³ ìîæëèâîñò³ â³áðîñòåíä³â åëåêòðîäèíàì³÷íîãî 
òèïó ïðè ïðîâåäåíí³ â³áðîâèïðîáîâóâàíü ³ ïðèçâîäèòü äî çìåíøåííÿ ÊÊÄ. 
Â³äîìèé òàêîæ ñïîñ³á âèïðîáîâóâàííÿ îá’ºêò³â íà â³áðîì³öí³ñòü, ùî 
çàáåçïå÷óº òàêèé òåõí³÷íèé àëãîðèòì ôóíêö³îíóâàííÿ ïðèñòðîþ äëÿ éîãî 
çä³éñíåííÿ, çã³äíî ç ÿêèì ïðè âèçíà÷åíí³ âåëè÷èíè øâèäêîñò³ ðîçãîðòêè 
÷àñòîòè ñèãíàëà çáóäæóâàëüíî¿ ä³¿ âðàõîâóºòüñÿ ÿê ìàêñèìàëüíî 
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äîïóñòèìèé çà òåõí³÷íèìè õàðàêòåðèñòèêàìè ð³âåíü â³áðîïåðåì³ùåííÿ 
(â³áðîïðèñêîðåííÿ) äëÿ çàñòîñîâóâàíîãî òèïó â³áðîñòåíäà 
åëåêòðîäèíàì³÷íîãî òèïó, òàê ³ âåðõíÿ ÷àñòîòà ä³àïàçîíó ÷àñòîò 
àìïë³òóäíî-÷àñòîòíî¿ õàðàêòåðèñòèêè (À×Õ) [7]. 
Àëå âèùå çãàäàí³ ñïîñîáè âèïðîáîâóâàííÿ îá’ºêò³â íà â³áðîì³öí³ñòü ³ 
ïðèñòðî¿ äëÿ ¿õ çä³éñíåííÿ çàñíîâàí³ íà íàáëèæåíîìó âèçíà÷åíí³ 
³íòåãðàëà çãîðòêè, ùî ïðèçâîäèòü äî íàáëèæåíîãî âèçíà÷åííÿ øâèäêîñò³ 
ðîçãîðòêè ÷àñòîòè ñèãíàëà çáóäæóâàëüíî¿ â³áðîñòåíä åëåêòðîäèíàì³÷íîãî 
òèïó ä³¿ çà ðàõóíîê íåâðàõóâàííÿ íåë³í³éíîñò³ çì³ùåííÿ ÷àñòîò 
ìàêñèìóì³â äèíàì³÷íèõ ðåçîíàíñíèõ ï³ê³â â³äíîñíî ÷àñòîò ìàêñèìóì³â 
ñòàòè÷íèõ çàëåæíî â³ä ïîñò³éíî¿ øâèäêîñò³ ðîçãîðòêè ÷àñòîòè ñèãíàëó 
çáóæäåííÿ â³áðîñòåíäà. 
 
ÏÎÑÒÀÂËÅÍÍß ÇÀÂÄÀÍÍß 
Ñòàâèòüñÿ çàäà÷à ôîðìóâàííÿ ñïîñîáó âèïðîáîâóâàííÿ îá’ºêò³â íà 
â³áðîì³öí³ñòü, çã³äíî ç ÿêèì ïðè âèçíà÷åíí³ çíà÷åííÿ øâèäêîñò³ 
ðîçãîðòêè ÷àñòîòè ñèãíàëó çáóäæóâàëüíî¿ â³áðîñòåíä ä³¿ âðàõîâóþòü 
íåë³í³éí³ñòü çì³ùåííÿ ïî ÷àñòîò³ ìàêñèìóìó îáâ³äíî¿ íàï³âðîçìàõ³â 
êîëèâàíü äèíàì³÷íîãî ðåçîíàíñíîãî ï³êó â³äíîñíî ìàêñèìóìó ñòàòè÷íîãî 
çàëåæíî â³ä øâèäêîñò³ ðîçãîðòêè ÷àñòîòè ñèãíàëó çáóäæóâàëüíî¿ ä³¿. 
Ôîðìóâàííÿ àëãîðèòìó äëÿ ðåàë³çàö³¿ òàêîãî ñïîñîáó âèïðîáîâóâàííÿ 
îá’ºêò³â íà â³áðîì³öí³ñòü ³ ðîçðîáëåííÿ ïðèñòðîþ äëÿ éîãî çä³éñíåííÿ 
çàáåçïå÷óº ðîçøèðåííÿ òåõíîëîã³÷íèõ ìîæëèâîñòåé â³áðîñòåíäà 
åëåêòðîäèíàì³÷íîãî òèïó çà ðàõóíîê ï³äâèùåííÿ â³ðîã³äíîñò³ 
³íôîðìàö³éíîãî ìàñèâó äàíèõ ³ ï³äâèùåííÿ ÊÊÄ. 
Àëãîðèòì íîâîãî ñïîñîáó ôîðìóþòü íà ï³äñòàâ³ òàêèõ ì³ðêóâàíü. 
 
ÎÑÍÎÂÍ² ÐÅÇÓËÜÒÀÒÈ ÀÍÀË²ÇÓ 
Àíàë³ç ïðîâîäèìî äëÿ ìàòåìàòè÷íî¿ ìîäåë³ âèïðîáîâóâàíîãî îá’ºêòà ó 
âèãëÿä³ ë³í³éíîãî íåîäíîð³äíîãî äèôåðåíö³àëüíîãî ð³âíÿííÿ äðóãîãî 
ïîðÿäêó ç ïîñò³éíèìè êîåô³ö³ºíòàìè, ùî ìàº âèãëÿä 
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     ()()
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y  – êîîðäèíàòà, ùî âèçíà÷àº ïîëîæåííÿ âèïðîáîâóâàíîãî îá’ºêòà;  
t  – ïîòî÷íèé ÷àñ;  d  – êîåô³ö³ºíò äåìïôóâàííÿ;  0 w -  âëàñíà ÷àñòîòà 
ë³í³éíî¿ êîëèâàëüíî¿ ñèñòåìè (ËÊÑ);  a F  – àìïë³òóäíå çíà÷åííÿ ñèãíàëó 
çáóäæåííÿ;  ï w  – ïî÷àòêîâå çíà÷åííÿ ÷àñòîòè ñèãíàëó çáóäæåííÿ; V >0 – 
ïîñò³éíà øâèäê³ñòü ðîçãîðòêè ÷àñòîòè ñèãíàëó çáóäæåííÿ;  c  – 
êîåô³ö³ºíò æîðñòêîñò³. 
Ó ðîáîò³ [6] îòðèìàíî ñï³ââ³äíîøåííÿ äëÿ âèçíà÷åííÿ ÷àñòîòè 
ìàêñèìóìó äèíàì³÷íîãî ðåçîíàíñíîãî ï³êó çàëåæíî â³ä ïîñò³éíî¿ 
øâèäêîñò³ ðîçãîðòêè ÷àñòîòè ñèãíàëó  ( ) ft çáóäæåííÿ  
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ìàº ì³ñöå ïðè ðåàë³çàö³¿ ðåæèìó ðîçãîðòêè ÷àñòîòè â á³ê ¿¿ çá³ëüøåííÿ, 
çíàê „-” ìàº ì³ñöå ïðè ðåàë³çàö³¿ ðåæèìó ðîçãîðòêè ÷àñòîòè â á³ê ¿¿ 
çìåíøåííÿ. 
Ïðè âèêîíàíí³ óìîâè 
 
0 wd >> ,              ( )
1
1 i V d
-
<< ,                            (4) 
 
ùî ìàº ì³ñöå äëÿ ðåàëüíèõ îá’ºêò³â, ñï³ââ³äíîøåííÿ (3) íàáóâàº âèãëÿäó  
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Ïðè i =1,2 ³ç (5) îòðèìàºìî ñèñòåìó ñï³ââ³äíîøåíü:  
 
()
()
()
()
1 1
1011
1 1
1011
1 1
2022
1 1
2022
1,510,56,
1,510,56,
1,510,56,
1,510,56.
VV
VV
VV
VV
wwpd
wwpd
wwpd
wwpd
- - +
- - -
- - +
- - -
￿ ￿￿ @++ ￿ ￿￿
Łł ￿
￿
￿
￿ ￿￿ @-+ ￿ ￿￿
Łł ￿
￿
￿
￿
￿￿ ￿ @++ ￿￿ ￿ Łł
￿
￿
￿
￿￿ ￿ @-+ ￿￿ ￿ Łł ￿
                        (6) 
 
Ïðè çàñòîñóâàíí³ ïåðøîãî ³ òðåòüîãî ñï³ââ³äíîøåíü ñèñòåìè (6) 
îòðèìàºìî êâàäðàòíå ð³âíÿííÿ â³äíîñíî  1 V : 
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Ðîçâ’ÿçàííÿ ð³âíÿííÿ (7) ìàº âèãëÿä  
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Áåðó÷è äî óâàãè óìîâó  1 V >0,  âèáåðåìî ëèøå îäèí êîð³íü 
ñï³ââ³äíîøåííÿ (8): 
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Ïðè çàñòîñóâàíí³ äðóãîãî ³ ÷åòâåðòîãî ñï³ââ³äíîøåíü ñèñòåìè (6) ï³ñëÿ 
íåñêëàäíèõ ïåðåòâîðåíü îòðèìàºìî ñï³ââ³äíîøåííÿ àíàëîã³÷íå äî (9):  
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Ïðè çàñòîñóâàíí³ ïåðøîãî ³ ÷åòâåðòîãî (äðóãîãî ³ òðåòüîãî) 
ñï³ââ³äíîøåíü ñèñòåìè (6) îòðèìàºìî òàê³ ñï³ââ³äíîøåííÿ â³äïîâ³äíî:  
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ïðè  1 çàä VV = ,  max2 VV = ,  max2 ww
++ = ,  1 çàä ww
++ =   ñï³ââ³äíîøåííÿ (9) íàáóâàº 
âèãëÿäó  
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ïðè  max2 ww
-- = ,  1 çàä ww
-- =  ñï³ââ³äíîøåííÿ (10) íàáóâàº âèãëÿäó 
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ïðè  1 çàä ww
++ = ,  2max ww
-- =  ñï³ââ³äíîøåííÿ (11) íàáóâàº âèãëÿäó 
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ïðè  max2 ww
++ = ,  1 çàä ww
-- =  ñï³ââ³äíîøåííÿ (12) íàáóâàº âèãëÿäó 
 
maxmax
maxmax max
max
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çàä
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V
V
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V
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- + Œœ Œœ ºß -
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Ñï³ââ³äíîøåííÿ (13) äëÿ âèçíà÷åííÿ øâèäêîñò³  çàä V  ðîçãîðòêè ÷àñòîòè 
ñèãíàëó çáóäæóâàëüíî¿ ä³¿ íåîáõ³äíî çàñòîñîâóâàòè ïðè ðîçì³ùåíí³ 
ðåçîíàíñíî¿ ÷àñòîòè âèïðîáîâóâàíîãî îá’ºêòà â îáëàñò³ íèæíüî¿ ÷àñòîòè 
ä³àïàçîíó ÷àñòîò A×X â³áðîñòåíäà, ñï³ââ³äíîøåííÿ (14) - ïðè ðîçì³ùåíí³ 
ðåçîíàíñíî¿ ÷àñòîòè âèïðîáîâóâàíîãî îá’ºêòà â îáëàñò³ âåðõíüî¿ ÷àñòîòè 
ä³àïàçîíó ÷àñòîò A×X â³áðîñòåíäà, ñï³ââ³äíîøåííÿ (15) – ïðè 
ðîçòàøóâàíí³ ðåçîíàíñíî¿ ÷àñòîòè âèïðîáîâóâàíîãî îá’ºêòà â ñåðåäí³é 
îáëàñò³ ÷àñòîò A×X â³áðîñòåíäà, ñï³ââ³äíîøåííÿ (16) – íå ìîæå çíàéòè 
çàñòîñóâàííÿ çà ðàõóíîê íåðàö³îíàëüíîãî âèáîðó  çàä w
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Íà ï³äñòàâ³ ñï³ââ³äíîøåíü (13),(14),(15) ìîæå áóòè ðîçðîáëåíèé 
àëãîðèòì âèçíà÷åííÿ øâèäêîñò³  çàä V  ðîçãîðòêè ÷àñòîòè ñèãíàëó 
çáóäæóâàëüíî¿ â³áðîñòåíä ä³¿, ùî íàáóâàº òàêî¿ ðåäàêö³¿. 
1 Äëÿ çàñòîñîâàíîãî òèïó â³áðîñòåíäà â³äîìà øèðèíà ïîëîñè 
ïðîïóñêàííÿ A×X (â³äîìà âåðõíÿ ³ íèæíÿ ÷àñòîòè ä³àïàçîíó ÷àñòîò A×X 
â³áðîñòåíäà ). 
2 Â³äîìà ìàêñèìàëüíî äîïóñòèìà çà òåõí³÷íèìè õàðàêòåðèñòèêàìè 
øâèäê³ñòü  max V  ðîçãîðòêè ÷àñòîòè ñèãíàëó çàäàâàëüíîãî ãåíåðàòîðà äëÿ 
ôîðìóâàííÿ ñèãíàëó çáóäæóâàëüíî¿ â³áðîñòåíä ä³¿. 
3 Ïðè çàäàíèõ çíà÷åííÿõ  max V ,  max w
– , d  øâèäê³ñòü  çàä V  ðîçãîðòêè 
÷àñòîòè ñèãíàëó çáóäæóâàëüíî¿ ä³¿ áóäå âèçíà÷àòèñÿ ò³ëüêè çíà÷åííÿì  
çàä w
– , òîáòî  çàä Vf = ( çàä w
– ). Çàäàþ÷è ð³çí³ çíà÷åííÿ 0< çàä w < max w  ìîæëèâî 
îòðèìàòè â³äïîâ³äíó ìíîæèíó çíà÷åíü çàä V . 
Îòðèìàí³ àíàë³òè÷í³ ñï³ââ³äíîøåííÿ (13),(14),(15) ³ ñôîðìîâàíèé íà ¿õ 
ï³äñòàâ³ àëãîðèòì âèçíà÷åííÿ øâèäêîñò³ ðîçãîðòêè ÷àñòîòè ñèãíàëó 
çáóäæóâàëüíî¿ â³áðîñòåíä ä³¿ äàþòü ìîæëèâ³ñòü ðîçðîáëåííÿ ñòðóêòóðíî¿ 
ñõåìè ïðèñòðîþ äëÿ ðåàë³çàö³¿ íàâåäåíîãî àëãîðèòìó âèïðîáîâóâàííÿ 
âèðîá³â íà â³áðîì³öí³ñòü. 
Ó ïîäàëüøèõ äîñë³äæåííÿõ âàðòî ïðèä³ëèòè óâàãó êîìï’þòåðíîìó 
ìîäåëþâàííþ îòðèìàíèõ àíàë³òè÷íèõ ñï³ââ³äíîøåíü ³ ðîçðîáö³ 
ñòðóêòóðíèõ ñõåì ïðèñòðî¿â äëÿ ðåàë³çàö³¿, îòðèìàíèõ íà ¿õ îñíîâ³, 
àëãîðèòì³â. 
 
ÂÈÑÍÎÂÊÈ 
Ó ðîáîò³ îòðèìàí³ àíàë³òè÷í³ ñï³ââ³äíîøåííÿ äëÿ âèçíà÷åííÿ 
øâèäêîñò³ ðîçãîðòêè ÷àñòîòè ñèãíàëó çáóäæóâàëüíî¿ â³áðîñòåíä ä³¿ ïðè 
óðàõóâàíí³ ä³àïàçîíó ÷àñòîò àìïë³òóäíî-÷àñòîòíî¿ õàðàêòåðèñòèêè 
â³áðîñòåíäà, ðåçîíàíñíî¿ ÷àñòîòè, äîáðîòíîñò³ âèïðîáîâóâàíîãî îá’ºêòó, à 
òàêîæ ïðè óðàõóâàíí³ óìîâè íåë³í³éíîñò³ çì³ùåííÿ ïî ÷àñòîò³ 
ìàêñèìóìó îáâ³äíî¿ íàï³âðîçìàõ³â êîëèâàíü äèíàì³÷íîãî ðåçîíàíñíîãî 
ï³êó â³äíîñíî ÷àñòîòè ìàêñèìóìó ñòàòè÷íîãî â³ä øâèäêîñò³ ðîçãîðòêè 
÷àñòîòè ñèãíàëó çáóäæåííÿ â³áðîñòåíäà. 
 
SUMMARY 
In the article there were received analytic parities for definition of frequency scan speed of 
vibration machine exciting signal. Influence of working range of vibration machine amplitude-
frequency characteristic frequencies, resonance frequency and quality factor of an examined 
object were taking into account.  Nonlinearity of shifting according to frequency of maximum of 
dynamic resonance peak relatively to maximum of a static one depending on frequency scan 
speed of vibration machine exciting signal. 
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